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Abstract 

The aim of this study was to quantify and compare interferon-y (IFN-y) concentrations in the serum of clinically normal cats infected 
with feline coronavirus (FCoV) with its concentration in the sera and elfusions of cats with feline infectious peritonitis (FIP), a disease 
associated with infection with a mutated form of FCoV. 

Clinically normal FCoV-infected cats living in catteries with a high prevalence of FIP had the highest serum IFN-y concentrations. 
The serum concentration of IFN-y was not significantly different in cats with FIP compared with clinically normal FCoV-infected ani¬ 
mals living in catteries with a low prevalence of the disease. Moreover, the concentration of IFN-y was significantly higher in the effu¬ 
sions than in the serum of cats with FIP, probably due to IFN-y production within lesions. These findings support the hypothesis that 
there is a strong, ‘systemic’ cell mediated immune response in clinically normal, FCoV-infected cats and that a similar process, albeit at a 
tissue level, is involved in the pathogenesis of FIP. 

© 2008 Elsevier Ltd. All rights reserved. 
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Both the humoral and cellular components of the feline 
immune system influence the development of feline infec¬ 
tious peritonitis (FIP), the disease caused by a mutated 
form of feline coronavirus (FCoV). Humoral immunity is 
thought to contribute to the development of effusions 
within body cavities, while cats with strong cell mediated 
immunity (CMI) either do not become infected with FCoV 
or develop the non-effusive form of FIP (Pedersen, 1987). 

The cytokine interferon-y (IFN-y) is an important mod¬ 
ulator of CMI. The expression of IFN-y mRNA by leuco¬ 
cytes in the circulation or in tissues has been investigated in 
many studies using reverse transcription polymerase chain 
reaction (RT-PCR) and immunohistochemistry, respec¬ 
tively (Gunn-Moore et al., 1998; Dean et al., 2003; Kiss 
et ah, 2004; Berg et ah, 2005; Gelain et ah, 2006). A recent 
study in our laboratory (Gelain et ah, 2006) and previous 
studies (Gunn-Moore et ah, 1998; Kiss et ah, 2004) found 
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high IFN-y mRNA expression in the peripheral blood leu¬ 
cocytes (PBLs) of clinically normal cats with FCoV infec¬ 
tion, but low expression in cats with FIP. In contrast, 
IFN-y mRNA is abundant within FIP lesions (Berg 
et ah, 2005). 

The aim of the present study was to investigate whether 
the patterns of IFN-y production in the earlier experimen¬ 
tal studies were replicated in cats naturally infected with 
FCoV and with naturally occurring FIP. We analysed 79 
sera and 48 effusions collected from 101 cats during a 5 
year period (2000-2005). 

The cats were divided into two basic groups: animals 
with clinical FIP (group A, « = 81) and FCoV-infected, 
clinically normal animals (group B, n = 20). Group A 
was further divided into two subgroups: cats with non-effu- 
sive FIP (subgroup Al, n = 9) and cats with effusive FIP 
(subgroup A2, n = 72). From subgroup A2, samples of 
both sera and effusion were available from 26 cats in addi¬ 
tion to samples of effusions only from a further 22 animals 
and serum samples only from 24 cats. Group B was further 
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divided into subgroups B1 (consisting of 13 animals from 
catteries with a high prevalence of FIP of >2 cases/year) 
and B2 (consisting of seven animals from catteries with a 
low prevalence of FIP of one case in the past 5 years). 

The clinical diagnosis of FIP in the group A cats was 
confirmed at necropsy following histopathological and 
immunohistochemical examination in the case of 59 ani¬ 
mals and in the case of 22 cats by immunofluorescence 
on cytocentrifuged effusions (Paltrinieri et ah, 1999). 
Group B cats were clinically normal and did not exhibit 
haematological or blood biochemical evidence of FIP. All 
cats in this group remain clinically normal some 3-5 years 
later. These cats were classified as infected with FCoV 
based on repeated serological screening or on the detection 
of the virus by PCR in the faeces or on both of these detec¬ 
tion methods. These examinations revealed high FCoV 
antibody titres of between 1:200 and 1:1600 and the fre¬ 
quent shedding of FCoV by subgroup B1 cats and persis¬ 
tently low FCoV antibody titres of <1:200 and occasional 
faecal shedding in subgroup B2 animals. 

Serum IFN-y concentration was determined using a spe¬ 
cific ELISA for feline IFN-y (R&D Systems). The within- 
and between-run variability of the test was 7.4 ± 6.3% 
and 8.9 ± 6.1%, respectively. 

Statistical analysis was carried out using Statistica soft¬ 
ware (StatSoft Inc.). The Mann-Whitney U test was used to 
compare data from groups A and B and from subgroups 
B1 and B2. A Wilcoxon paired test was used to compare 
serum and effusion IFN-y levels in the same cat. 

The serum concentration of IFN-y (ng/mL) was signifi¬ 
cantly higher (P < 0.001) in group B (0.51 ± 0.32) than in 
group A (0.25 ± 0.18) animals (Fig. 1A). Subgroup B1 cats 
had significantly higher (P<0.05) IFN-y concentrations 
(0.60 ± 0.36) than did those in subgroup B2 (0.34 ± 0.08) 
(Fig. IB). No significant difference in serum IFN-y concen¬ 
tration was found between cats with effusive (0.24 ±0.17) 
and non-effusive FIP (0.29 ± 0.24). The concentration of 


IFN-y was significantly higher (P < 0.001) in the effusion 
(11.29 ± 19.95) than in the serum (0.26 ±0.18) of cats with 

FIP. 

To the authors’ knowledge, normal reference values for 
feline serum IFN-y concentrations are not available to 
allow comparisons with the data generated in this study. 
However, although not strictly controls, subgroup B2 cats 
could be considered ‘controls’ for comparative purposes in 
the context of this study, as although FCoV-infected, as are 
the majority of cats from multi-cat households (Pedersen, 
1995), these animals were clinically and haematologically 
normal. 

The serum IFN-y concentration of cats with FIP (group 
A) was not significantly different from that of subgroup B2 
cats, while subgroup B1 cats had significantly higher median 
serum concentrations. Frequent FCoV cross-infection and 
FCoV mutation are likely in catteries with a high prevalence 
of FIP. Although the time of such ‘field’ infection cannot be 
determined precisely, cats such as those in subgroup B1 are 
thought to experience continuous re-infection according to 
the infection model proposed by Foley et al. (1997). Cats 
from such catteries are likely to be resistant to developing 
FIP. In the present study, subgroup B1 cats did not have evi¬ 
dence of FIP, and their higher serum IFN-y concentrations 
compared with subgroup B2 animals may be linked to their 
continuous re-infection with FCoV. Increased expression of 
this cytokine by PBLs (Gunn-Moore et ah, 1998; Kiss et ah, 
2004) or increased numbers of IFN-y-producing lympho¬ 
cytes in blood and lymph nodes, as reported in cats living 
in FCoV-endemic catteries may explain the higher serum 
IFN-y concentrations in this group (Kipar et ah, 2001; Pal¬ 
trinieri et al., 2003; De Groot-Mijnes et ah, 2005). 

In contrast, the fact that cats with FIP do not have 
increased serum IFN-y concentrations suggests low IFN-y 
expression by PBLs (Gelain et al., 2006) or depleted num¬ 
bers of lymphocytes in the blood or lymph nodes (Kipar 
et al., 2001; Paltrinieri et al., 2003; De Groot-Mijnes 




GROUP 


Fig. 1. (A) Serum concentration of interferon-y (IFN-y) in cats with FIP (group A) and in FCoV-infected, clinically normal animals (group B). (B) Serum 
concentration of interferon-y (IFN-y) in cats living in catteries with a high (group Bl) and low (group B2) prevalence of FIP. Boxes indicate I III 
interquartile intervals. Horizontal bars indicate minimum and maximum values. Black dots represent the median value for each group. 
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et al., 2005). Although the authors were unable to find pub¬ 
lished data concerning IFN-y levels in the effusions of cats 
with which to compare, IFN-y concentrations in the effu¬ 
sions of cats with FIP were 40-fold higher than the serum 
concentrations of this cytokine in the same animals. This 
suggests that the IFN-y present in the effusions is produced 
by cells within FIP lesions, as reported by Berg et al. (2005). 

The results suggest that although cats resistant to FCoV 
infection have strong CMI as measured by serum IFN-y 
production, CMI is also likely to be involved in the patho¬ 
genesis of FIP, albeit at a tissue level, as evidenced by the 
high IFN-y concentration of the FIP effusions. These find¬ 
ings may form the basis of further studies into the mecha¬ 
nisms through which IFN-y production prevents the onset 
of FIP in some instances and potentially contributes to the 
development of this disease in others. 
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